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AbsTrACT
Objective to examine the effects on emergency 
hospital admissions, length of stay and emergency 
re-admissions of providing a consultant-led, community-
based cardiovascular diagnostic, treatment and 
rehabilitation service, based in a highly deprived area in 
the north West of england.
Methods a longitudinal matched controlled study 
using difference-in-differences analysis compared the 
change in outcomes in the intervention population, 
to the change in outcomes in a matched comparison 
population that had not received the intervention, 5 
years before and after implementation. the outcomes 
were emergency hospitalisations, length of inpatient stay 
and re-admission rates for cardiovascular disease (cVD).
results Findings show that the intervention was 
associated with 66 fewer emergency cVD admissions per 
100 000 population per year (95% ci 22.13 to 108.98) 
in the post-intervention period, relative to the control 
group. no significant measurable effects on length of 
stay or emergency re-admission rates were observed.
Conclusion this consultant-led, community-based 
cardiovascular diagnostic, treatment and rehabilitation 
service was associated with a lower rate of emergency 
hospital admissions in a highly disadvantaged 
population. similar approaches could be an effective 
component of strategies to reduce unplanned hospital 
admissions.
InTrOduCTIOn
Cardiovascular disease (CVD) is the main reported 
cause of mortality in the UK, responsible for over 
a quarter of all deaths.1 CVD disproportionally 
affects disadvantaged socioeconomic groups with 
rates in the most deprived 10% of the population 
twice as high as in the least deprived.2 Although 
the incidence of CVD is declining, the burden of 
the disease on healthcare services is increasing as 
the population ages. The cost of CVD to National 
Health Service (NHS) England, currently at £8.96 
billion per year, is therefore estimated to increase 
annually.2 Improving the identification and treat-
ment of CVD, while reducing emergency admissions 
and length of inpatient stay, has been highlighted as 
a priority for the NHS in its 5-year Forward View.3 
The NHS Long Term Plan4 also aims to tackle 
health inequalities between the most and least 
deprived, and highlights that cause of death from 
heart disease is the single largest contributor to the 
life expectancy gap between these groups. There 
is therefore an urgent need for evidence of effec-
tive interventions that improve the management of 
CVD and reduce unplanned emergency admissions, 
particularly in disadvantaged populations.
Existing evidence shows that rapid access chest 
pain clinics provide efficient and effective substi-
tution to cardiology clinic assessment.5 Yet, exam-
ples indicate that secondary care-based rapid access 
clinics may be underutilised by older populations 
and those in poorer socioeconomic circumstances.6 
This could potentially be due to problems with 
access, and there is limited published evidence 
investigating the provision of rapid access clinics in 
community settings. Community-based heart failure 
services have been found to improve access and 
reduce emergency admissions.7 Community-based 
cardiac rehabilitation shows that it is as effective 
and safe as hospital-based rehabilitation, and reha-
bilitation within early supported discharge (ESD) 
stroke services has been associated with reduced 
length of hospital stay and reduced mortality rates.8 
While there is some case study evidence for commu-
nity-based consultant-led diabetes and respiratory 
services,9 there is limited evidence for consultant-led 
cardiovascular community-based clinics. Although 
there is evidence for multicomponent approaches 
to reduce hospital admissions for single conditions 
such as heart failure,10 there is a lack of evidence for 
consultant-led, community-based integrated cardio-
vascular services in deprived communities.
To address these gaps, we evaluated a consul-
tant-led, community-based ‘one-stop’ CVD service 
implemented in a very deprived community in the 
North West of England. We examined the impact 
of providing this service on emergency admis-
sions, length of inpatient stay and emergency 
re-admissions.
MeTHOds
setting
The intervention was implemented between 2010 
and 2015 across the district of Knowsley in the 
North West of England, which is the second most 
deprived district in England based on the Indices 
of Multiple Deprivation.11 It has the 13th highest 
CVD mortality rate in those <75 years compared 
with the other 324 districts in England in 2014–
201612 and a population of 148 560.13
study design
This study was a longitudinal matched controlled 
study using lower-layer super output areas (LSOA) 
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as the unit of analysis. LSOAs are small geographical areas 
used by the UK’s Office for National Statistics, each typically 
containing a population of about 1500 people. England is 
divided into just over 30 000 LSOAs. Ninety-eight LSOAs cover 
the entire population of the intervention area—Knowsley. Each 
of these intervention LSOAs was matched with 5 control LSOAs 
located within other districts in the North West region of 
England, providing 490 matched control LSOAs—that is, 588 
LSOAs in total. We used propensity score matching14 to ensure 
that these control areas had similar observed characteristics to 
the Knowsley LSOAs in the time period before the introduction 
of the intervention (2005–2009). The matching was based on 
the gender and age profile of the population, unemployment 
rate, Indices of Multiple Deprivation, CVD emergency admis-
sion rate, prevalence of coronary heart disease (CHD), smoking 
prevalence, proportion of the population with hypertension 
with controlled blood pressure, numbers of general practi-
tioners (GPs) per capita serving the population and the distance 
to the nearest GP practice and hospital (see online supplemen-
tary appendix 1 for full details of the matching variables). The 
nearest neighbour method was used for matching, which selects 
controls with propensity scores that are closest to that of the 
intervention LSOAs.15 We checked with the regional cardio-
vascular network that no other similar intervention was imple-
mented in other areas of North West of England and therefore 
our control populations would not have experienced a similar 
intervention.
We then compared the change (difference) in outcomes in the 
intervention population, to the change (difference) in outcomes 
in a matched comparison population, 5 years before and 5 years 
after implementation. This difference-in-differences method 
controls for all time-invariant differences between the inter-
vention and control populations. The key assumption of differ-
ence-in-differences analysis is the parallel trends assumption. If 
the trend in the outcome in the intervention and control popula-
tions would have been parallel in the absence of the intervention, 
then the difference between the change in the outcomes between 
the two groups provides an unbiased estimate of the interven-
tions effect.16 We estimated this difference-in-differences param-
eter using a linear regression model which included interaction 
terms between intervention group and time period (before and 
after). This model additionally included a random intercept for 
each LSOA, and controlled for annual measures of the percent 
of population aged 50+ years, percent female, percent unem-
ployed and time trend terms (see online supplementary appen-
dices 2 and 8 for full details of the statistical model, data sources 
and analysis; see online supplementary appendix 4 for details of 
the robustness tests).
The service
Prior to the implementation of the Knowsley CVD service 
(KCVDS), the Knowsley population was served by a fragmented 
service delivered by three NHS Trusts which included a CHD 
team comprising a heart failure nursing service, cardiac reha-
bilitation and an ESD service. These services were delivered by 
different organisations until the KCVDS was set up in 2010. 
KCVDS provided a new integrated ‘one-stop’ consultant-led 
service with a co-located nurse-led heart failure clinic to allow 
access to consultant support, thereby providing integrated cardio-
vascular care built around the patient, supported by an adminis-
tration hub.17 The service was designed with public engagement 
to determine the healthcare locations, and key characteristics 
provided.18 The overall service consists of five elements:
 ► A consultant-led multidisciplinary clinic. Provided from four 
Primary Care Resource Centres offering same-day assess-
ment and testing in clinic and at home such as echocardi-
ography, electrocardiography, CardioMemo, blood pressure 
monitoring (24 hours) and lung function test. It also oper-
ated as a rapid access chest pain clinic.
 ► Diagnostics service. In addition to the tests at the consult-
ant-led clinic, direct access to electrocardiography, 24 hours 
ambulatory blood pressure monitoring and Ankle Brachial 
Pressure Index was available.
 ► Community heart failure clinic. Co-located with the consult-
ant-led clinic or provided in patients’ homes when needed, 
in addition, this service provided home tele-monitoring 
and tele-health services to optimise patients’ treatment and 
training to support patients’ understanding of their symp-
toms and medication.
 ► Community stroke rehabilitation service. Provides an ESD 
service for newly diagnosed stroke cases. It consists of a 
team providing support 7 days a week, to enable weekend 
discharge.
 ► Cardiovascular rehabilitation service. Community-based 
rehabilitation for patients and their carers in the form of 
education and exercise classes, delivered group or one-to-one 
(face-to-face or via telehealth care) in three community 
centre locations or in patient’s homes across Knowsley. In 
2014, a nurse-led medication titration element was incorpo-
rated into the service to enable patients with heart failure or 
stroke to use the service at an earlier stage, prior to medica-
tion optimisation.
The service is accessed by Knowsley residents primarily 
through GP referral.17 The main additions to the pre-existing 
services were the provision of a consultant-led service at four 
sites across Knowsley where patients are seen within 10 days 
of referral and co-locating this service alongside a nurse-led 
heart failure service to give direct access to a consultant opinion 
when needed. Furthermore, due to the single provider model, 
patients can be referred within the service to all required 
elements without being re-referred by their GP. Other elements 
of the service such as face-to-face care in patients’ homes, tele-
health care and community-based rehabilitations services were 
provided in the pre-existing model of care.
Knowsley GP referral trends to the KCVDS data show a 
dramatically increasing trend (online supplementary appendix 
7), with the highest number of referrals from GPs located in 
the most deprived LSOAs (online supplementary appendix 7). 
From 2010–2011 to 2014–2015 (financial year), the clinic has 
provided care to almost 13 000 patients (online supplementary 
appendix 7). Clinic attendance has been variable, particularly at 
the outset of the service (with non-attendance as high as 35%) 
stabilising to around 10%–13% across the four clinics. Initially, 
the service was contracted for 3 years, at an estimated total value 
of £4.5 million.19
Patient and public involvement
The research question was developed through a collaboration 
involving local health service providers, public advisors and 
researchers. Public advisors are members of the public and/or 
service users who have knowledge of KCVDS and the locality 
in which it is delivered. The public advisors were involved in 
a series of meetings agreeing the focus for the research and the 
planned analysis. Three of the public advisors (TC, KW and AP) 
are co-authors of this paper and have contributed to the drafting 
of the paper and the interpretation of the results.
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Table 1 Characteristics of Knowsley and matched control LSOAs in pre-intervention period (2005–2009)
Knowsley LsOAs (n=98) Control LsOAs (n=490)
Mean sd Mean sd P value*
IMD score 41.99 20.66 37.96 21.05 <0.001
Distance to hospital with A&E (km) 5.47 2.51 5.38 3.45 0.554
Distance to general practice (km) 1.09 0.66 1.15 1.06 0.017
Working age population unemployed (%) 4.74 2.71 4.2 2.97 <0.001
GPs per 1000 population 0.64 0.12 0.63 0.14 0.06
Female population (n) 793.73 128.7 786.96 129.26 0.29
Population aged 50+ years (n) 493.08 109.81 488.90 126.28 0.495
QOF: CHD prevalence (%) 4.67 0.34 4.51 0.69 <0.001
QOF: smoking prevalence (%) 25.83 4.77 24.95 5.63 0.001
QOF: those with hypertension and blood pressure reading of 150/90 mmHg or less (%) 80.3 3.37 79.98 2.77 0.027
Emergency admissions for CVD per 100 000 population per year 1181.99 508.49 1115.14 520.32 0.009
*Statistical significance of the difference between the groups tested using t-tests for normally distributed variables, or the Man-Whitney U test as a nonparametric equivalent.
A&E, Accident and Emergency department; CHD, coronary heart disease; CVD, cardiovascular disease; GP, general practitioner; IMD, Index of Multiple Deprivation; LSOA, lower-
layer super output area; QOF, quality and outcomes framework.
Figure 1 Trends in CVD emergency hospital admission rates per 
year, by Knowsley and matched control LSOAs, 2005–2015. CVD, 
cardiovascular disease; LSOAs, lower-layer super output areas.
resuLTs
Characteristics of the Knowsley and matched control popula-
tion in the pre-intervention period (2005–2009) are shown in 
table 1. Although the control areas at baseline were statistically 
significantly different from the intervention areas on a number 
of characteristics, these differences are relatively small, and the 
difference-in-differences method accounts for these fixed differ-
ences in the analysis. All the control areas were also areas with 
high levels of deprivation, CHD prevalence and CVD admis-
sions (see online supplementary appendix 2 for characteristics 
of unmatched sample).
Trends in CVD emergency hospital admission rates per year 
for the Knowsley and control population are shown in figure 1. 
In the pre-intervention period, emergency admission rates were 
slightly higher for Knowsley compared with the control popu-
lation, but the trends were parallel. Following the introduc-
tion of the intervention in 2010, admission rates for Knowsley 
decreased to levels observed in the control population. In more 
recent years, after the fourth year of the intervention, the admis-
sion rates appeared to have started to increase again in Knowsley 
compared with the control population.
Results from difference-in-differences analysis for emergency 
admission rates are shown in table 2. The coefficient for the 
difference-in-differences estimator indicates that on average the 
intervention was associated with a lower rate of 66 emergency 
CVD admissions per 100 000 per year (95% CI 22.13 to 108.98) 
in Knowsley compared with the control population following 
the introduction of the intervention. We found that the interven-
tion had no statistically significant effect on reducing length of 
stay per emergency CVD admission, or emergency re-admission 
rates (tables 3 and 4).
Analysing the differential effects of the intervention by depri-
vation and by gender, we found no evidence that these effects 
differed significantly across these subgroups (see online supple-
mentary appendix 4). The effect on emergency admissions was 
similar for more deprived areas in Knowsley as for less deprived 
areas and for both men and women, although there was some 
evidence to suggest that the intervention was associated with a 
greater decline in emergency admissions for men compared with 
women, but this association was not statistically significant at 
the 5% level.
robustness tests
We found that during the pre-intervention period, there was 
no significant difference in trends in emergency admission rates 
between Knowsley and the control population (online supple-
mentary appendix 2), suggesting that the parallel trend assump-
tion was not violated in this analysis. We found no difference 
in effect when using a Poisson regression model, or when addi-
tionally including a random intercept for each matched group 
(online supplementary appendix 8). We also found that there 
was no effect when running the analysis using an outcome 
(emergency admissions for gastrointestinal (GI) infections) 
that would not plausibly be influenced by the intervention but 
could have been influenced by unobserved confounding (online 
supplementary appendix 4). Additionally, using an alternative 
control group, with controls selected from LSOAs outside the 
North West region of England, we found similar results (online 
supplementary appendix 4).
dIsCussIOn
Principal findings
We found that an integrated, consultant-led, multicomponent, 
community-based service was associated with a lower rate of 
emergency CVD admissions in a deprived population, and that 
the intervention had a similar impact across levels of depriva-
tion and between gender groups in this population. Overall, 
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Table 2 Result of difference-in-differences analysis showing the change in CVD emergency admissions per 100 000 population in Knowsley 
following the intervention relative to the control group, 2005–2015
Coefficient Lower 95% CI upper 95% CI P value
Treatment (Knowsley=1; control=0) 24.51 −35.56 84.58 0.423
Period (post-intervention=1; pre-intervention=0) −59.92 −96.19 −23.64 0.001
DiD estimator (treatment*period) −65.56 −108.98 −22.13 0.003
Model based on equation shown in online supplementary file and includes random intercept for LSOA, and fixed effects for percent of population aged 50+ years, percent 
female, percent unemployed and two spline terms for time (full model results are given in online supplementary file).
Model based on 98 Knowsley and 490 control LSOAs, and 6468 observations.
CVD, cardiovascular disease; DiD, difference-in-differences; LSOA, lower-layer super output area.
Table 3 Result of difference-in-differences analysis showing the change in length of stay in days per emergency CVD admission in Knowsley 
following the intervention relative to the control group, 2005–2015
Coefficient Lower 95% CI upper 95% CI P value
Treatment (Knowsley=1; control=0) −2.01 −3.28 −0.74 0.002
Period (post-intervention=1; pre-intervention=0) −0.96 −2.43 0.50 0.197
DiD estimator (treatment*period) 1.04 −0.77 2.84 0.260
Model includes random intercept for LSOA, and fixed effects for percent of population aged 50+ years, percent female, percent unemployed and two spline terms for time (full 
model results are given in online supplementary file).
Model based on 97 Knowsley and 489 control LSOAs, and 6446 observations.
CVD, cardiovascular disease; DiD, difference-in-differences; LSOA, lower-layer super output area.
emergency admissions were 66 per 100 000 population fewer 
per year, the equivalent of 97 fewer emergency admissions for 
the whole Knowsley population per year. Assuming the average 
reference cost of an emergency admission of £3000, this would 
be the equivalent of a cost saving of approximately £300 000 
per year, relative to the annual cost of the service of £1.4 million 
per year.20
Some CVD interventions have been found to be less effective 
in deprived population.6 However, the KCVDS we investigated 
was at least equal in effectiveness across levels of deprivation and 
has the potential to reduce health inequalities if it is targeted at 
more deprived populations. There was, however, some evidence 
that the effectiveness of the programme began to reduce after 
2014 as the number of emergency admissions in Knowsley 
began to increase at this time. This may be because as the service 
reached full capacity, it was less able to fully accommodate 
patient needs, which is substantiated by the service undergoing 
a staff reorganisation at this time in order to meet demand more 
effectively.21 We found no significant effect on length of hospital 
stay or on 30-day re-admission rates.
strengths and limitations
Our study has a number of strengths. First, we evaluated the 
KCVDS in its real-life implementation setting, which makes our 
findings potentially more externally valid than those set in a trial 
context. Second, the service has been in operation for several 
years giving a long follow-up period of 5 years. This allowed 
us to look at whether effects were sustained. Third, we applied 
a combination of quasi-experimental methods—propensity 
score matching and difference-in-differences—which provide 
causal estimates of the intervention if the trends in outcomes 
would have been parallel in the absence of the intervention. Our 
approach provides a reasonably large effective sample size of 
6468 observations providing reasonable power to identify rela-
tively small effects.
Some limitations, however, remain. We cannot rule out the 
possibility that different trends in unobserved confounding 
factors between the two groups may have influenced the results. 
Although there are clear differences between the intervention 
and control groups, time-invariant differences between the two 
groups could not bias the results due to the difference-in-dif-
ferences methods.22 The reasons for matching was to identify 
groups that were likely to follow similar trend over time, which 
was confirmed by assessing the parallel nature of the trends in 
outcomes before the intervention. We additionally controlled for 
a number of observed confounders. Unobserved confounders 
therefore could only bias the results if they followed different 
time trends over time between the intervention and control 
groups. When repeating the analysis using an outcome that 
would not plausibly be influenced by the intervention (emer-
gency admissions for GI infections) but could have been influ-
enced by unobserved confounding, such as changes in health 
service admission thresholds or health provider financial incen-
tives, we found no significant effect of the intervention.
We were able to assess only the impact of the intervention on 
emergency hospital admissions, and this may not reflect health 
benefits to the users of these services. Data on other outcomes 
such as mortality were not available at the geographical level 
required for this analysis and therefore could not be included. 
The ecological nature of this study limits the conclusions that 
can be drawn about individual-level factors, and the results 
reflect the population-level impact of the KCVDS.
Meaning of the study: possible implications for practice
Prior to the initiation of KCVDS some services already existed, 
for example, the ESD service, community rehabilitation and 
community heart failure services, including the telehealth 
elements offered. Therefore, the associated benefits of the 
KCVDS could largely be attributed to a new consultant-led 
service, and the co-location of this service with the nurse-led 
heart failure service. This healthcare provision is maximised 
within a community-based, integrated, single-provider approach 
that achieves diagnosis and consultant referrals within a 10-day 
period, thereby meeting key performance indicators.
Access to cardiovascular services has previously been found 
to be lower among disadvantaged populations potentially 
widening inequalities.6 Whereas some studies have found that 
community-based, consultant-led clinics for some diseases can be 
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Key messages
What is already known on this subject?
 ► Cardiovascular disease (CVD) is one of the major causes 
of mortality in the UK, responsible for over a quarter of all 
deaths.
 ► Emergency hospital admission rates are increasing 
exponentially and are unsustainable.
 ► There is limited evidence to support the development of out-
of-hospital care that is effective at reducing CVD emergency 
admissions, length of stay and emergency re-admissions in 
disadvantaged populations.
What might this study add?
 ► This study provides evidence to show that a community-
based, consultant-led CVD service represents a model of 
out-of-hospital care that is associated with a lower rate of 
emergency admissions in an area of high deprivation.
 ► This model of care demonstrates a potential approach for 
out-of-hospital care that could contribute to a lower rate of 
emergency admissions.
How might this impact on clinical practice?
 ► Integrated, community-based, consultant-led, 
multicomponent CVD services should be implemented to 
provide better access to services and contribute to a lower 
rate of emergency hospital admissions, particularly in 
disadvantaged areas.
Table 4 Result of difference-in-differences analysis showing the change in CVD emergency re-admissions per 100 000 population in Knowsley 
following the intervention relative to the control group, 2005–2015
Coefficient Lower 95% CI upper 95% CI P value
Treatment (Knowsley=1; control=0) −0.91 −8.16 6.34 0.805
Period (post-intervention=1; pre-intervention=0) −6.98 −14.01 0.05 0.052
DiD estimator (treatment*period) −4.91 −13.51 3.69 0.263
Model includes random intercept for LSOA, and fixed effects for percent of population aged 50+ years, percent female, percent unemployed and two spline terms for time (full 
model results are given in online supplementary file).
Model based on 97 Knowsley and 487 control LSOAs, and 6424 observations.
CVD, cardiovascular disease; DiD, difference-in-differences; LSOA, lower-layer super output area.
effective at improving access.23 However, there has been limited 
evaluation of CVD services located in disadvantaged commu-
nities. Our study indicates that an integrated, consultant-led, 
multicomponent, community-based CVD service is associated 
with a lower rate of emergency admissions in a disadvantaged 
community. There are a number of reasons why this model could 
improve outcomes. First, access could have been improved as 
these services were located close to existing community services 
and public transport routes.18 Second, co-locating consultant 
and nurse-led services could also provide better access to heart 
failure and cardiology specialist services. This is supported by 
evidence from the National Heart Failure Audit that found that 
co-location of services was associated with greater survival rates 
post hospital discharge in patients with heart failure.24 Co-lo-
cation of services could also improve communication between 
services and could be a catalysts for improved innovation and 
quality as has been found elsewhere.25 The evidence for recent 
integration initiatives in the UK has tended to rely on evaluations 
that have not used quasi-experimental or experimental designs 
and therefore they provide limited evidence of impact.26 Our 
findings add to the limited evidence-base for the effectiveness 
of integrated care models for CVD, which aim to coordinate 
diagnosis, treatment and disease management across the health 
system so that people receive timely and accessible support.
COnCLusIOn
The KCVDS model represents an example of out-of-hospital 
care that is associated with a reduction in emergency admis-
sions in highly deprived areas that has the potential to reduce 
health inequalities. Services such as KCVD may present a feasible 
approach that can reduce secondary care demand and could 
provide a model for other disadvantaged areas aiming to reduce 
emergency admissions.
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